Stanford Synchrotron Radiation Lightsource, a facility in California capable of producing extremely bright X-rays, to study microgram samples of actinium using a technique called X-ray absorption fine-structure spectroscopy -which actinium ions are not invisible to. More specifically, the authors studied solutions of an Ac 3+ salt dissolved in hydrochloric acid to observe how water molecules and chloride ions bind to the Ac 3+ ions. They also used computational modelling to help interpret the results.
The authors find that Ac 3+ binds to nine ligands in aqueous solutions, as is common for early actinides (actinium to americium in the actinide series). This was perhaps unexpected: given the large ionic radius of Ac 3+ , one might have anticipated that its inner sphere of ligands would have been larger. But the real surprise was the finding that the inner sphere incorporates more chloride ions than was previously thought: the dominant species observed was Ac(H 2 O) 6 Cl 3 . For comparison, Ferrier et al. studied solutions of americium (Am), because americium is the first trivalent actinide after actinium not to readily undergo changes of oxidation state. The primary species they observed in hydrochloric acid was [Am(H 2 O) 8 Cl] 2+ . One of the few predictable trends known for the actinides is that the ionic radius of the tripositive ions contracts as one traverses the series from actinium to lawrencium. The contraction is quite consistent, averaging about 0.01 ångströms between neighbouring actinides 5 ( Fig. 1) . Although the contraction is gradual, the chemistry of the ions often changes considerably in tandem with each contraction, so that adjacent actinide compounds exhibit quite different atomic structures, reactivities and electronic properties. Protactinium 6 , plutonium 7 and californium 8 are all good examples of actinides whose ion chemistry differs substantially from that of their neighbours in the periodic table.
The contracting ionic radius also means that the later actinides in the series have higher charge densities than earlier ones. Actinide ions in general are said to be 'hard' cations, which means that they bind preferentially to small ligands such as water and fluoride ions. But Ac 3+ should be the 'softest' of the trivalent 1 offer an explanation -emotionally charged events that occur close in time are bound together because of an overlap between the ensembles of neurons that are excited when the memories are laid down.
In their study, Rashid and colleagues trained mice to fear a particular tone (tone 1) by pairing the sound with a mild electric shock. Then, after an interval of between 1.5 and 24 hours, they trained the same animals to fear a different tone (tone 2). If the authors subsequently extinguished the animals' fear of tone 2, by repeatedly using it without shock, fear responses to tone 1 also decreased -but only if the initial training events had occurred within 6 hours of each other. Thus, a selective link forms between memories of fear-associated events that occur close together. A brain region called the amygdala is essential for associating cues with shock. Select ensembles of neurons in this region are activated in mice during fear-associated training, and are then reactivated when the animal recalls the event. Using a sophisticated method for marking neurons activated during each event, Rashid et al. found a high degree of overlap (co-allocation) between the neurons activated by the two memories if the memories were created within 6 hours of each other, but not when created 24 hours apart ( Fig. 1) .
Next, the authors used elegant genetic tools to force activation of a common set of amygdala neurons during both learning events -a trick that artificially linked memories
NEUROSCIENCE

Memories linked within a window of time
In mice, two fear-associated memories that are created close in time are represented in the brain's amygdala by the activation of overlapping ensembles of neurons. As a result, eliminating the fear of one memory also extinguishes fear of the other.
Years Ago
The Meteorological Office is cheerful if restrained about the success of its long range weather prediction service in its annual report for 1965 … Long range forecasts for a period of thirty days ahead have been published twice a month for the past three years … the Meteorological Office says that results have been slightly better than expected … forecasts are assessed after the event … and "marks are given for the accuracy of forecasts of temperature, rainfall and additional information". Predicting temperature seems to be the easiest, with twenty-eight out of fifty forecasts ranking for the mark "good agreement". On rainfall, however, agreement between forecasts and reality was good on fourteen occasions, moderate on seventeen and deserving the description "little agreement" on nineteen occasions … The long range forecasts are based on searches of records going back to the middle of the nineteenth century for analogous patterns of mean temperature and mean pressure in the northern hemisphere … What might be called objective long range forecasting is reckoned to be an extremely distant prospect. From Nature 20 August 1966
The firing of very heavy guns at a great distance was clearly audible at Harpenden throughout the days of August 7 and 8, as well as on previous occasions. The direction of the sound is evidently from the south-east, and that of each explosion lasts about two seconds. Our elevation is 440ft., and the local wind has been from west to north-west. The distance between Harpenden and Bapaume would be about 185 miles. From Nature 17 August 1916 that occurred outside the 6-hour window. By contrast, when they inhibited excitation of the same population, preventing co-allocation of neuronal ensembles, memories that occurred within the 6-hour window were separated. These experiments confirm that common excitability of neurons in the amygdala is responsible for co-allocating neurons to memories within a window of time.
A related paper by Cai et al. 2 was recently published in Nature, and reported a similar finding -spatial memories that are acquired near in time are associated with overlapping neuronal ensembles in the brain's hippocampus. In this study, the authors monitored neuronal activity in mice exposed to one environmental context (context A), then a week later to two other contexts (contexts B and C) separated by five hours. In line with Rashid and colleagues' findings, Cai et al. observed co-allocation of activated hippocampal neurons as animals explored contexts five hours apart, but not seven days apart. They then demonstrated the behavioural significance of this co-allocation by showing that subsequent pairing of shock with context C resulted in fear of that context and of context B, but not of context A.
Importantly, the memories of contexts B and C were distinct -subsequently extinguishing the fear of context C did not extinguish the fear of context B. This is in contrast to Rashid and colleagues' findings, and suggests a distinction in how timing contributes to the integration of memories in different systems. The results in the amygdala reflect the region's role in generalizing defensive reactions to aversive stimuli. By contrast, in the hippocampus, the linkage of distinct memories promotes recall of one memory when cued by another, reflecting the role of this region in supporting the elaborate organizational structure and flexibility of our conscious memories.
The role of time in binding memories has been recognized since Aristotle's day 3 . Our current understanding of this process is embodied in a theory called temporal context memory (TCM), which was originally developed to explain why people have a better memory for words that occur close together in a list than for those farther apart. The theory was extended in 2013 to explain why people better remember events that occur within a few thousand seconds of each other 4 . TCM theory posits that the transient overlapping of neural-activity patterns creates a gradually changing activity landscape that can link memories that are created close together in time and can separate memories that are created far apart . The present results confirm TCM theory.
Consistent with TCM, a neurophysiological study in rats has shown 5 that firing patterns of neural ensembles in the hippocampus gradually change over time. This change enables the animals to remember the order in which events occurred during an experience. More over, the gradual evolution of the neural networks that represent experiences continues for days 6, 7 . Brain-imaging studies in humans have also documented a gradual evolution of hippocampal neuronal activity associated with successful recall of the temporal order of events and with distinguishing events that occur at different times 8, 9 . Thus, in addition to the role of time in linking and separating memories described in the current studies, time can also sequentially organize memories.
Of course, time is only one variable that can link and separate memory representations. Previous studies have demonstrated that other types of contextual manipulation, such as shared or distinct stimuli 9 and consistent or opposing reward associations for the same stimulus 10 1 trained mice to fear a tone (tone 1) that was coupled to a mild electric shock. They then repeated the training for a different tone (tone 2), either 6 or 24 hours later. Overlapping populations of neurons in the brain's amygdala were excited during the training sessions 6 hours apart, but not those 24 hours apart. As a result, the memories of the training sessions that occurred close together became linked.
ate in cell division, duplicated chromosomes are pulled apart by a structure called the mitotic spindle. This process, called mitosis, is beautiful to watch, but fraught with danger: errors can produce daughter cells that have unequal genomes, setting the stage for cell death or cancer. The cell goes to great lengths to avoid these mistakes, and uppermost among its safety mechanisms is the spindle assembly checkpoint 1 (SAC) -a regulatory system that prevents the cell from attempting to separate chromosomes if they are not properly attached to the spindle. The key protein components of the SAC were first reported in the summer of 1991 (refs 2,3). Precisely 25 years on, two papers (Alfieri et al. 4 on page 431 and Yamaguchi et al. 5 in Molecular Cell) describe in near-atomic detail how the SAC prevents chromosome separation. The central protagonist in this story is the anaphase-promoting complex/cyclosome (APC/C) 6 . This enzyme attaches the protein ubiquitin to specific substrate proteins, tagging them for destruction and thereby unleashing chromosome separation and the completion of mitosis. A key APC/C target, for instance, is the protein securin, which inhibits a protease enzyme that cuts the proteins holding duplicated chromosomes together. Substrate binding to the APC/C depends on a protein called Cdc20 (Fig. 1a) , which binds the APC/C during mitosis and recruits substrates through interactions with short linear amino-acid sequences in the targets called degrons.
How does the SAC block chromosome separation? Chromosomes that are not correctly attached to the spindle produce a mitotic checkpoint complex (MCC), which contains three SAC components (Mad2, BubR1 and Bub3) and Cdc20. The MCC binds and inhibits Cdc20-bound APC/C (APC/C A structure of this size and complexity, backed up by 25 years of genetic, biochemical and structural analysis, contains an overwhelming amount of information for the aficionado, but its chief value lies in the precise description of the mechanisms by which the MCC inhibits APC/C Cdc20 . Both studies show that the MCC interacts with the front face of the APC/C, next to the pre-bound Cdc20 subunit (Fig. 1b) . The BubR1 subunit acts as a pseudo substrate inhibitor -it contains two copies of each of the three major degron sequences, and wraps around the two Cdc20 subunits to occupy all degron-binding sites on both, thereby blocking substrate binding to the APC/C. It is hard to find a more striking illustration of the power of short linear motifs such as degrons in cell regulation. In addition, the MCC prevents binding between the APC/C and the E2 coenzyme, which normally provides ubiquitin for transfer to target proteins.
The new structures also offer a potential explanation for previous evidence that some proteins are ubiquitinated by APC/C Cdc20 even when the complex is bound to the MCC. For example, the APC/C substrate proteins cyclin A and Nek2A are degraded early in mitosis, when the SAC is active 6 . Similarly, the Cdc20 subunit of the MCC is tagged with ubiquitin by the APC/C, promoting MCC turn over 1 . How does APC/C MCC modify these proteins in spite of the mechanisms suppressing its activity?
In addition to the 'closed' conformation described above, the two studies reveal a less-common 'open' state in which the MCC is shifted to allow binding of E2. This transient state enables ubiquitination of Cdc20 
CELL DIVISION
Mitotic regulation comes into focus
Structural studies provide insight into the mechanisms governing a checkpoint in cell division that prevents chromosomes from segregating before they are properly aligned on a structure called the mitotic spindle. See Article p.431 Figure 1 | Deciphering inhibition of cell division. a, The enzyme anaphase-promoting complex/cyclosome (APC/C), depends on an activator subunit called Cdc20 for activity and substrate binding. Cdc20 contains binding sites for three short amino-acid sequences called degrons. APC/C targets (not shown) that contain these degrons bind these sites and are tagged with the protein ubiquitin (Ub), which is transferred from an E2 coenzyme bound nearby. b, Alfieri et al. 4 and Yamaguchi et al. 5 report that the mitotic checkpoint complex, which comprises the proteins BubR1, Bub3, Mad2 and another Cdc20, interacts with Cdc20-bound APC/C to form a closed inhibitory state in which E2 binding is blocked (Bub3 is not shown, because its position could not be defined in the groups' structures). Disordered regions in the BubR1 subunit contain degrons that occupy all six degron-binding sites on the two Cdc20 molecules, preventing substrate binding.
